M yelin is often compared to electrical insulation on nerve fi bers. However, nerve impulses are not transmitted through neuronal axons the way electrons are conducted through a copper wire, and the myelin sheath is far more than an insulator. Myelin fundamentally changes the way neural impulses (information) are generated and transmitted, and its damage causes dysfunction in many nervous system disorders including multiple sclerosis, cerebral palsy, stroke, spinal cord injury, and cognitive impairments. A detailed understanding of myelin structure is therefore imperative, but is lacking. On page 319 of this issue, Tomassy et al. ( 1) provide a highresolution global view of myelin structure spanning the six layers of mammalian cerebral cortex. The fi ndings are likely to spark new concepts about how information is transmitted and integrated in the brain.
New techniques of automating collection of electron microscopic images taken in series through layers of tissue are becoming available to analyze neuron ultrastructure in large volumes ( 2) . Using such methods, Tomassy et al. reveal myelin structure in the mouse cerebral cortex along individual nerve fi bers, providing a coherent picture.
Myelin is a coating of compacted cell membrane that is wrapped around the axon by non-neuronal cells called oligodendrocytes. These multipolar cells extend slender cellular processes to grip axons and spin up to dozens of layers of membrane around it like electrical tape. Many oligodendrocytes grasp a single axon to span its full length. The tiny space exposed between each grasping "hand" corresponds to a node of Ranvier, where voltage-gated sodium channels are concentrated. When the electrical potential across the axon membrane depolarizes by about 20 mV, these channels allow rapid influx of sodium ions that discharges the transmembrane potential, creating a voltage transient of ~0.1 V-the action poten- the desired values, and adequate durability cannot be obtained even with protective layers made of refractory dielectric materials ( 11) . One-dimensional photonic crystal emitters based on Si/SiO 2 layers, although they are more vulnerable to degradation at high temperatures, have demonstrated the highest S/TPV effi ciency when integrated with a carbon nanotube broadband absorber that has limited spectral selectivity and back-emission at longer wavelengths ( 12) . Refractory plasmonic materials could be the solution for most of the major limitations, thus advancing the existing S/TPV technology. Ultrathin metamaterial absorbers and emitters made of the same refractory plasmonic material could be integrated as a narrow intermediate spectral converter that can be easily heated, owing to the increased surface-to-volume ratio ( 13) . The absorber could be spectrally engineered so that backemission is minimized at longer wavelengths and a reduced absorber area ratio is no longer a problem. Larger absorber areas would enable higher temperatures and much higher effi ciencies, also eliminating the need for light collection optics. More important, thinner structures achievable with metamaterials would reduce the mechanical load on the nanostructures, thus enabling high-temperature durability.
Another fi eld with a potential near-term impact in industry is HAMR. The demand for larger data storage capacity has resulted in a need for larger areal densities, and consequently smaller grain sizes, which in turn may lead to thermal instabilities. One promising approach is to use high-coercivity materials (which have greater stability at room temperature) and to locally heat the material with a plasmonic nanoantenna, lowering its coercivity for a short time to write data. This idea was demonstrated in an experiment in which local heating on a 70-nm track was achieved with a gold nanoantenna ( 1) . However, effi cient heating of the high-coercivity material results in self-heating of the plasmonic component. Local temperatures reaching 400°C, along with tough operation conditions, impose an extra load on the antenna, which is located very close to a disk spinning at a high speed. Under these conditions, deformation of the nanostructure is unavoidable, especially for noble metals ( 14) . In contrast to S/TPV, studies on HAMR have yielded some fi ndings on the advantages of using plasmonic nanostructures, but have lacked materials with the required refractory properties.
The solution for potential high-impact refractory plasmonic applications lies in material building blocks. Finding the proper constituent materials could open up a new avenue for high-temperature applications of advanced plasmonic and metamaterial devices, analogous to recent advances in silicon and silica fiber technologies. One example is transition metal nitrides, such as titanium nitride and zirconium nitride, that exhibit plasmonic properties comparable to those of gold in the visible and near-infrared spectrum ( 15) (see the fi gure). Coupled with their refractory properties, these materials can boost the performance of many heatassisted plasmonic devices, thus replacing the traditional noble metals or refractory materials with poor plasmonic properties.
Materials research has been at the center of the most recent studies in the fi eld of plasmonics and metamaterials. Among the alternative materials with desirable optical performance, those with complementary metal-oxide semiconductor compatibility, biocompatibility, chemical stability, tunability, and low losses have attracted attention ( 8) . High-temperature stability is the next desired feature to develop in the fi eld of plasmonics.
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tial. Myelin forces the action potential to be generated only at these 1-µm-long nodes of Ranvier and to leap rapidly in sequence over tens or hundreds of micrometers to excite an action potential in the next node. Rather than spreading down an unmyelinated axon as a slow wave of depolarization, the nodes of Ranvier act as repeaters. The speed at which signals are transmitted is limited by the distance between nodes, the thickness of the myelin wrapping, and the length of the exposed axon in the node.
The common presumption that these features are relatively uniform along a single axon is invalidated by the observations of Tomassy et al. in the mouse cerebral cortex. The authors observed long stretches (up to 55 µm) along an individual axon of pyramidal neurons in layer II/III where there is no myelin sheath interspersed with segments that are myelinated (see the fi gure). These unmyelinated regions could be passive internodes or they could have clusters of ion channels to promote action potential propagation. Notably, the critical segment of bare axon extending from the cell body to the fi rst segment of myelin [the axon initial segment ( 3); referred to as the premyelin axonal segment by Tomassy et al.] differs between cortical layers.
Variation in myelination along an axon could adjust transmission speed to optimize the time of arrival of signals from multiple axons at a relay point in a neural circuit. Unusually long nodes of Ranvier (50 µm) may even delay action potential propagation ( 4), as they increase the electrical capacitance of the axon membrane and consequently increase the time required to charge and discharge it. The as yet unknown ion channel properties in these unmyelinated regions of cortical neurons will also influence conduction velocity. However, the total transmission time across the relatively short distance of the cerebral cortex (about 0.5 mm in a mouse and 2 to 4 mm in humans) may present a negligible delay, suggesting additional reasons for the intermittent myelin. Perhaps unmyelinated axon segments can permit more complex forms of network integration.
The "neuron doctrine" states that information flows through synaptic inputs on dendrites and passes out of the axon as an action potential to excite dendrites of the next neuron in the circuit. However, other modes of communication are becoming apparent. Synapses can form on unmyelinated segments of axons ( 5), and bare axons can release neurotransmitters, signaling by nonsynaptic communication ( 6) . Action potentials also propagate backward into the cell body, affecting neural integration and synaptic plasticity ( 7) . Oscillations and waves of electrical activity at different frequencies couple neurons into functional assemblies that coordinate and gate information, and the frequency of oscillation differs in layers II/III and V ( 8) . Myelin also can constrain where axons sprout and form synapses with dendrites or with other axons. Indeed, proteins in the myelin sheath, such as Nogo, block axon sprouting, indicating that the myelin wrapping stabilizes axon structure and the pattern of connectivity in neural circuits ( 9) . The most critical segment of unmyelinated axon is the axon initial segment. The 5-to 80-µm-long unmyelinated section between the cell body and fi rst myelin segment is the decision point where action potentials are triggered. The morphological features of this segment, and types of ion channels present in it, regulate excitability of the neuron. This region also controls the shape of the action potential, which affects the amount of neurotransmitter released from the synapse, the frequency of action potential fi ring, and other aspects of action potential signaling ( 3) . Action potentials are initiated at the distal end of the axon initial segment ( 10) , and the distance to this trigger point has important functional consequences. Tomassy et al. found that this region of the axon was longer in layers III/IV than V/VI.
The length and membrane properties of the axon initial segment infl uence the capacity of action potentials to propagate back into the cell body and dendrites ( 3) . Backpropagating action potentials in hippocampal neurons develop during slow-wave sleep and quiet periods of wakefulness and are important in memory formation ( 7) .
The length of the myelinated axon between nodes may be determined by neuronal signals, intrinsic properties of the oligodendrocytes, and region-specifi c factors. Tomassy et al. report that the layer-specifi c pattern of myelination on axons is disrupted in genetically modifi ed mice that have abnormal cortical layering, pointing to a role for neurons in specifying myelination properties. The age of oligodendrocytes can also determine the length of internodal segments, with oligodendrocytes generated later in life producing shorter internodes ( 11) . Internodal length and other properties of myelin differ in different brain regions, with corresponding effects on conduction velocity ( 12) . 
T he ongoing decline of ecosystems around the world is often described in terms of biodiversity loss. But exactly how much of this decline is the result of species loss in local communities (α diversity), and how much is due to shifts in species composition of these communities? On page 296 of this issue, Dornelas et al. ( 1) address this issue with a comprehensive analysis of changes in plant, mammal, bird, fi sh, and invertebrate diversity in a wide range of biomes. Contrary to expectation, loss of α diversity, though widespread, is not a systematic trend in ecological communities. Rather, communities appear to be undergoing massive turnover in the species that constitute them (β diversity), resulting in the global emergence of communities with novel species confi gurations.
The authors analyzed a massive data set covering more than 35,000 mammal, bird, fish, invertebrate, and plant species from marine, freshwater, and terrestrial biomes ranging from the poles to the tropics. The data comprised 100 individual time series of species composition. Multiple timeseries data sets exist for individual biomes and taxa. To standardize sampling in each time series, the authors calculated α and β diversities from the original data. Loss in α diversity, although prevalent in some time series, was not systematic, mostly because species invasions tended to exceed native losses. For example, poleward expansion of species ranges in response to climate change ( 2) can cause α diversity to remain constant or potentially increase even if local species go extinct.
However, the authors report significant trends in α diversity in some data series. α diversity is increasing through time in both terrestrial plant communities and temperate communities, but is decreasing in globalscale time series (mostly seabirds and marine invertebrates). It is also declining in tropical biomes, but not signifi cantly so. Even though gains and losses in α diversity are variable among regions and taxa, negative trends in α diversity through time in 41 of the 100 data series leave no room for complacency.
Given the known species losses over the past few centuries ( 3) and the potential for species invasions to cancel out local species extinctions and thus maintain consistent levels of α diversity, the species composition in any one place should be subject to largescale change through time. This is exactly what Dornelas et al. fi nd when they compare species composition within a community at any one place between the start of the time series and the ensuing years. Their analysis shows systematic turnover in the species composition of communities through time across climatic regions, realms, and taxonomic groups, with ~10% of species change in communities every decade. The results were robust to tests of temporal autocorrelation (where values at one time in a data
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Although global biodiversity is declining, local ecosystems are not systematically losing diversity, but rather experiencing rapid turnover in species. ' s analysis of long-term studies from many of Earth's biomes shows that species diversity within local communities (α diversity) is equally likely to rise or fall over time, yet the species composition in those communities shows increasing turnover (β diversity) through time. For example, less degraded locally diverse reef communities can be transformed to highly degraded but still locally diverse novel communities.
There are countless axons in the nervous system that are unmyelinated and they do not "short out." Myelin organizes the very structure of network connectivity, facilitates modes of nervous system function beyond the neuron doctrine, and regulates the timing of information fl ow through individual circuits. It is certainly time to set aside the frayed metaphor of myelin as insulation and appreciate the more fascinating reality.
